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Abstract 
Several inorganic flocculating agents, including FeSO4, ˝l2(SO4)3, FeCl3 and an organic coagulant aid PAM, were used 
to treat the wastewater from domestic anima and poultry breeding in this paper. The ideal operating conditions were 
attained by single factor experiment and orthogonal design experiment. And the ideal operating conditions are follows: the 
dose of FeSO4 and PAM is 135.2 mg/L and 0.384 mg/L respectively when keeping the pH 10; and the corresponding 
removal rate is 55% and 60% for COD and turbidity. Based on the experimental results, this paper analyzes the main 
factors that affect wastewater flocculation treatment. 
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1. Introduction 
The wastewater from a large-scale domestic anima and poultry breeding, with high concentration of COD, 
N, P and SS, has become one of the main pollution resources to the local surface water environment if not 
being properly treated (Zhang and Gao, 2004). However, the domestic anima and poultry industry faces this 
kind of dilemma that its pollution is serious and it cannot afford the expensive environmental protection 
investment due to its low profit rate (The natural ecological protection division, the state environmental 
protection administration, 2002). Therefore, it is necessary to research the feasible treatment technology for 
this industry. Flocculation treatment has been widely applied in wastewater treatment field. This process has 
many advantages, such as simple process, convenient operation, short time-consuming, economically feasible, 
etc. Li and Gu (2004) treated blended wastewater from chemical industry, and the COD removal rate 
exceeded over 80%. Wang et al (2000) treated petroleum wastewater using new and compound flocculation 
regents (NTCF) and the related emulsifiers, with a COD removal rate of 965%~77.9%. In addition, 
flocculation method has also been effectively used to treat pulping wastewater, textile and printing wastewater 
and coking wastewater, etc (Fu et al., 2003; Zhang and Jiang, 2000; Lu et al., 2000). 
This study treated the wastewater from domestic animal and poultry breeding by flocculation method with 
three flocculation regents including˝l2(SO4)3ǃ FeCl3ǃFeSO4 and the auxiliary regent PAM. It aims to find 
out the ideal condition for treating the wastewater from domestic animal and poultry breeding. 
2. Materials and methods 
2.1. Materials 
The wastewater came from the wastewater treatment factory for domestic animal and poultry breeding in 
Sichuan Agricultural University. And the wastewater was pre-treated by grid, with CODcr 3000 mg/L -
7000mg/L, SS 500 mg/L -2000mg/L, and pH 7-8.5.  
2.2. Regents 
˝l2(SO4)3, FeCl3, FeSO4 and PAM were used in this study. 
2.3. Experimental methods 
The wastewater sample was firstly diluted to 1000 mg/L -1500mg/L, and then take 300 mL wastewater into 
a beaker with a volume 500mL, and then put some flocculation regents into the beaker. Next the beaker was 
placed on the six league mixer, stirred successively the wastewater with 300r/min, 150r/min and 70r/min for 
half of minutes, five minutes and 10 minutes respectively, and then kept static settlement for 30 minutes. 
Finally, a needle injection was used to sampling the clear liquid for monitoring. 
2.4. Monitoring methods 
COD and turbidity were monitored by standard methods (The 2th editorial office, China standard press, 
1996). 
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3. Results and analysis 
3.1. Comparison among removal rates of the three kinds of flocculation regents 
Under the same conditions except pH was kept 7, 7 and 10 for FeCl3, Al2(SO4)3 and FeSO4 respectively, 
the removal rates of the three kinds of flocculation regents were shown in Table.1 and Figure.1. 
Table.1. Mean removal rates of the three kinds of flocculation regents for COD and turbidity 
Item FeCl3 FeSO4 Al2(SO4)3
Mean removal rate for COD 28.1% 41.8% 16.8% 
Mean removal rate for turbidity 51.8% 53.6% 39% 
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Fig.1. Removal rate of FeSO4 for COD 
The results from Tab.1 show that the removal rates of FeSO4 for COD and turbidity are the highest, and 
then the removal rates of FeCl3 for COD and turbidity, and the removal rates of Al2(SO4)3 for COD and 
turbidity are the lowest. Compared with the other two flocculation regents, FeSO4 is easier to adsorb colloid 
particles in wastewater and make those particles crash one another through conglutination, bridging and cross-
linking, etc, and finally be precipitated. The results from Fig.1 show that the removal rate of FeSO4 for COD 
is the highest when its dose is 169mg/L. 
3.2. The impact of pH on the removal rate for COD 
Under the condition of 23  and 169 mg/L dose of FeSO4, different pH values were set to monitor the ć
related removal rates for COD, and the results were shown in Fig.2.   It is found that the removal rate for COD 
is largest when pH value is 11, which agrees with the reference (Tang and Dai, 2001). Flocculation is a 
process in which flocculation regents and colloid particles adsorb one another, and then they form laminated 
structure. Therefore, removal rate is directly affected by the electric charges on the molecule surface of 
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flocculation regents and colloid particles, and the latter is connected with pH values. Therefore, pH has 
important impact on removal rate for COD. The flocculent Fe(OH)2 is largely formed when pH is 11, so the 
removal rate is the largest at this point. 
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Fig.2. Removal rate of FeSO4 for COD under the conditions of different pH 
3.3. Coagulate aids’ impact on flocculation treatment 
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Fig.3. The relationship between dose of PAM and removal rate for COD 
Under the condition of 169 mg/L dose of FeSO4, the removal rate for COD is increasing until the dose of 
PAM arrives at 0.384 mg/L; however, the removal rate for COD is decreasing after the dose of PAM exceeds 
0.384 mg/L (Fig.3). The removal rate for COD is related to bridging quality of flocculation aids: the bridging 
probability is the largest when the dose of coagulation aid is fit; however, the bridging probability decreases 
when the dose of flocculation aid is too less or more. Some researches (Yang and Wang, 2004) show that 
proper dose of coagulation can raise the removal rate for COD. According to flocculation theory, the longer 
the molecular chain, the more the branch of molecular and the larger the space where flocculation aids stretch 
in water, the more remote particles can bridge one another and flocculation aids crash particles more 
frequently, and then the longer and stable bridges and network can be formed. Flocculation aids are generally 
macromolecular substance with large molecular weight and long molecular branch, and they can be used to 
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improve the structure of flocculation sediment by their strong adsorption and bridging. Finally, the small and 
incompact flocculation sediment becomes thick and compact. Of course, dose of flocculation should be in 
proper scope; otherwise, it cannot work very well. 
3.4. The impact of different feeding patterns for flocculation aids and flocculation regents
Table 2. Impact of different feeding orders for PAM 
Feeding orders (1) Feeding before FeSO4 (2) Feeding after FeSO4
Removal rate for COD 50% 52.5% 
Under the condition of 23  and pH 11, two schemes were designed to compare the removal rate for COD: ć
(1) Placing PAM into wastewater before FeSO4; (2) placing PAM into wastewater after FeSO4. The results 
were shown in Tab.2. It is found that scheme 1 has lower removal rate for COD than scheme 2. The reasons 
are that the higher positive ion contents the wastewater, the stronger adsorption, and thus flocculations aids are 
easier to be adsorbed on the surface of collide or particles with negative charges and form mesh; and finally, 
larger flocculation matters can be formed by the adsorption and Mechanical intercept of collide particles.  
3.5. The results from orthogonal experiment 
The results from orthogonal experiment were shown in Tab.3. it is found that pH value has the biggest 
impact on the removal rate for COD, then dose of FeSO4, and next dose of PAM. under the ideal operational 
conditions with 135.2 mg/L dose of FeSO4, 0.384 mg/L dose of PAM and pH 10, the removal rates for COD 
and turbidity are 55% and 60% respectively. 
Tab.3-Results from orthogonal experiment 
Item pH FeSO4 (mg/L) PAM(mg/L) 
1 10 135.2 0.384  
2 10 169 0.48 
3 11 135.2 0.48 
4 11 169 0.384 
4. Conclusion 
The proper doses of flocculation regents and flocculation aid and pH value are found out by single factor 
experiment, and their mechanisms of action are analyzed based on the experimental results.  
The optimized operational conditions include 135.2 mg/L dose of FeSO4, 0.384 mg/L dose of PAM and pH 
10 according to orthogonal experiment, and the related removal rates for COD and turbidity are 55% and 60% 
respectively.
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